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“burst mode” operation

Burst mode parameters

Bunch charge:7.7pC/bunch (77pC/bunch)

7.7 pC/bunch=10mA at 1.3GHz CW

Pulse width:100ns - 1000 ns 7.7pC/bunch 10mA

Rlsetlmelons (Ofpockelsce”) e et et e rr et
77pC/bunch 10 spacinglOmA

Beam wijdth 100ns~1us

((
))

Other cavity parameters used for the evaluation

NC SC SC SC SC SC
MV 0.14 1 2 2 15 15
1.15 2.03 2.03 15 15
5E+05 2E+05 2E+05 2E+07 2E+07
ohm 200 200 200 1000 1000
mA 23.1 101.5 1015 1.5 1.5
kW 4.5 10 37 37 11 11
deg. -90 -15t0-30 -10 -10 0 0
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Cavity equation
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Here, Aw=wy-w, wyp=wy2/Q_ (and RI=V, R=1/2R/Q Ql etc.)
When we use complex (V =V, + jV;),

V=- (“’1 - jAa)) V+wi(Vg + V) (2)
2 2
Here, we evaluate the lIrf performance during burst mode operation (pulsed

beam operation)
We suppose the detuning to be zero (Dw=0)

V=0V +aRi(l,~ 1) = —o1V + o1 ( £0,) (g —1,) 3)
2 2
During the no beam condition (and steady state)

ir
V=R,
ZQQ
I,="

1
e,

These generator currents (Ig) are also shown in Table.1.
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Figure 3.9:  Vector diagram of generator- and beam-induced voltages in a detuned
cavity. The angle ¢, denotes the beam phase and 1’ the tuning angle.
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Without beam loading compensation (no FF beam)

o= (3501, @
The step response is

1 —w1t
% :E%QLI(l —e 7)(5)
. 1r ( —W1t
Thus the cavity voltage decrease;V =V, — 30 QI)\1—-e 2

Ib: complex number.

Injector 1(1g=23.1mA, 1b=10mA, beam phase=30deg.) Injector 2&3 (1g=101.5mA, 1b=10mA, beam phase=10deg.)
100.1 0 100.05 0
——Amp
100.0 —— 7T 100.00 -0.004
\ Amp L .0.05 ——Phase [deg.]
99.9 \\ Phase [deg] 99.95 N -0.008
99.8 \ o4 99.90 ™~ -0.012
< 997 \\ &b T 99.85 \ -0.016 g
s, - o -
g 996 015 g 99.80 ~ 002
E N\ 2 E 2
< 995 N 2 < 99.75 -0.024 2
Lo -8
99.4 N 0.2 99.70 -0.028
99.3 \ | 025 99.65 -0.032
99.2 99.60 -0.036
99.1 0.3 99.55 -0.04
0 1 2 3 0 1 2 3

time [us] time [us]

Amplitude and phase change after lus-long beam are 0.30%  Amplitude and phase change after 1us-long beam are 0.09%
and 0.10deg., respectively. and 0.009deg., respectively.
Rather smaller effects than Injector 1 result from the high Ig and
smaller beam phase.

Higher charge (77pC/bunch, 10 bucket spacing) will show same tendency because the 10
buckets are too short for the superconducting cavities.
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With beam loading compensation
(with different compensation accuracy)

Since the typical digital feedback loop time is ~1us, the beam
loading cannot be compensated by feedback. current

o

Ll

By adding the perfect feed forward synchronized to the beam, we
can compensate rf field perfectly. But because of the limitation of
synchronization (such as digital system clock (~40MHz), jitter of
the beam timing), there is some residual lIrf error.

V=-wV+w G% Q,) Iy = 15(®) + Lurr (¢ = Tg)) (6) time
2 2
The solution is current?
1r —wlt Ib 'tll'ﬁe
£<0: V=55QL1(1—e z) (7) |
1r —wit |
©0: V=V =35l (1-¢"7) ® current
IbFF |
r —w r —w1(t-Tq)
t>Td: V=V, — %5 Qly(1-e %t) + %5 Qulyer (1 _e B ) (Iv=Tvrr) (9) | R
_>L :4_ time
d
currentf
Ig+Ib+IbEE
time
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With beam loading compensation

(with different compensation accuracy)

Injector 1(1g=23.1mA, 1b=10mA, beam phase=30deg., IbFF=10mA (-30deg.))
ERL_burstinjl.m
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Even if the jitter (between feedforward and beam) is 200ns,
amplitude and phase errors are 0.06% and 0.02deg.
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With beam loading compensation

(with different compensation accuracy)

Injector 2&3(1g=101.5mA, 1b=10mA, beam phase=10deg., IbFF=10mA (-10deg.))
ERL_burstinj2.m

Td=0ns error=0% Td=100ns error=0.02% Td=200ns error=0.04%
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Even if the jitter (between feedforward and beam) is 200ns, amplitude and phase errors are
0.04% and 0.004deg.

Concerning the injector cavities, it will be enough to regulate the timing (between beam and
feedf t less than 2 : e N N - -~ — o g
eedforward) to be less than 200ns B72EE — LA A FIYIAWGI—T 1% (2012/09/06)



Main linac performance
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The beam loading effects are only 0.01% for 100ns beam loop delay even at rectangular shape.
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